Purpose. The purpose of this study was to project supply and demand for registered nurses to the year 2015 and to make recommendations regarding nurse manpower planning for the 21st century in Korea.
INTRODUCTION
The demand for health care in the Republic of Korea has increased with continuing socioeconomic development, improvement of the living standards, and the introduction of a national health insurance system in 1989. To meet this rising demand a major concern is providing an adequate number of health care professionals. Nurses are very important to health care because they constitute the largest group of health care workers who give direct patient care. Also, as the emphasis of health care changes from the cure of diseases to health promotion, nurses will fill an increasingly important role. Thus, it is necessary to project how many nurses will be needed to meet the demand.
At first glance, the large number of unemployed nurses and nurses' low employment rate (60%) in the Republic of Korea suggests an oversupply of nurses. Parts of the country, however, are experiencing a shortage of nurses in clinical areas. Maldistribution of nurses is therefore a problem, especially within some geographical areas and work places (Ministry of Health and Welfare (MOHW), 1997) . Geographically more than 96% of nurses are working in urban areas, and more than 75% of nurses are working in clinical areas. National nurse manpower planning is necessary to solve these problems and to seek ways to better utilize nurses.
BACKGROUND
There are two nursing educational systems in Korea: A three-year diploma program and a four-year education program. As of December 1997 there were 64 junior colleges (three-year diploma programs) and 48 universities with nursing programs (Korean Nurses Association, 1998). The total enrollment was 11,660 (Korean Nurses Association, 1998). As of December 1997 there were 133,946 licensed nurses (MOHW, 1998) and about 120,000 nurses available (Park, 1999) after taking losses into account. Licensure for nursing in Korea is life-long. According to various data sources, there were 67,140 nurses employed in South Korea, which represents 60 percent of the total number of nurses available as of December 1996. Song et al. (1986) and Kim et al. (1991) forecasted the nurse manpower in preparation for the sixth and seventh 5-year Planning for Socioeconomic Development in Korea. Since then, three significant changes have taken place. First, in 1989 the Korean government introduced the national health insurance system, which has brought changes in utilization patterns of health care services. The national health insurance system consists of four different programs: Industrial Workers Program, Government and Private School Employees Program, Self-employed Program, and Medical Aid Program. These four programs cover nearly 100% of the population. Second, there have been changes in government policy to lower the number of beneficiaries of the Medical Aid Program and transfer those who are not eligible to the Self-employed Program. Third, during the past five years 20 new three-year diploma programs and 25 new four-year education programs have opened, which has resulted in an increased number of nursing students.
Because of these important changes, a new study on nursing workforce was needed. The present research was undertaken to project the supply of and demand for registered nurses until the year 2015.
PURPOSE
The purpose of this article is to: (a) determine if the supply of nurses will meet the demand for nurses in Korea, and (b) suggest ways to recruit and retain nurses. These findings will assist nursing leaders and government strategists to conduct advance planning so that Korea has enough nurses.
METHODS

Supply analysis and projection
Three major components make up the supply of nurses: current supply, future increments, and projected losses. The current supply has two sub-components: (a) nurses who are currently employed in the health sector and (b) nurses who are unemployed, or engaged in activities other than nursing. Future increments generally include new graduates, persons who transfer from other occupations into nursing, and repatriation of nurses from abroad. For this study only new graduates within the country were considered because the number of transfer and repatriation is very minimal. Projected losses include deaths, emigrations, and retirees.
To determine the current supply of nurses, an analysis was done of the number of individuals who have become nurses and who have left nursing since introduction of the national licensing examinations in 1914 to the present. Future increments were analyzed by examining the total number of students enrolled in nurses' education programs, the number of graduates, the number of applicants to take the national licensing examination, and the number of licenses issued.
Projected losses were determined by analyzing the deaths, retirements, and emigrations of licensed nurses. The lack of information on emigration made it difficult to accurately assess the number of nurses who had left the country. Based on findings by Song et al. (1986) , the number of emigrants up to 1984 was assumed to be 9,895. After 1985, emigrants were estimated by using the number of newly licensed nurses and the estimated emigration rate of 0.012 based on the telephone survey of 10 educational institutions by the authors. The number of deaths was estimated by constructing a proxy life table for nurses based on the Korean Female Population Life Table (National Statistical Office, 1995) . Finally, the number of retirees was estimated by assuming those nurses older than 60 years of age were retired based on the civil workers retirement age.
The supply of nurses was predicted using a baseline projection (Bui Dang Ha Doan, 1981) assuming that the current age structure of nurses will be maintained. Using a demographic method developed by Horbach (1979) , the age specific future supply of nurses was predicted by using the age structure of input and output of nurses into the health care delivery system. The supply projection for each five-year interval up to the year 2015 was estimated on the basis of the past trend of nurses' increments and losses prior to 1996. Nursing supply was projected using the following computational form (Table 1) .
Demand analysis and projection
Demand for nurses was analyzed by examining the current status of employment in different areas of nursing, past trends of health care services, and nurse productivity. Due to the lack of a reliable data source, the employment status of nurses was assessed from a variety of sources. The demand for nurses in clinical areas was predicted using a derivative method (Bui Dang Ha Doan, 1981) , where health workforce demand is derived from estimates of the demand for health care services. The number of nurses required in the clinical area was computed using the demand for health care services (utilization of health care services) and nurse productivity.
Utilization can be described with two indices: ambulatory care and inpatient care. The index for ambulatory care is the number of visits by patients to an ambulatory care unit, while the index for inpatient care is the number of days of hospital stay. In this study, statistics from the national medical insurance system were utilized for estimating the demand for health care (Korean Medical Insurance Co., 1990-97) . The coverage rate of the medical insurance programs in the Republic of Korea is close to 100 percent; thus, projected utilization rate of the population covered by medical insurance can be regarded as that of the total population. Health care services utilization of the four national health insurance programs is estimated using a nonlinear regression model with the square root of the year as an independent variable, with an assumption that increased health care services will be saturated as the year progresses. The health care services utilization rates from 1990 to 1997 were analyzed using a regression model ( Table 2 ).
The total number of days of hospital stay and visits was computed by multiplying estimated health care services utilization rate with the projected number of beneficiaries from each insurance program. The number of beneficiaries from each insurance program was estimated by the coverage ratio for each insurance program 
is number of available nurses at year n T(n 1) is number of available nurses at year (n 1) G(n) is number of newly licensed nurses at year n L(n) is number of losses at year n G(n)={E(n)+F(n 1) RR } SR E(n) is number of expected graduates at year n F(n 1) is number of applicants who failed the license exam for year (n 1) RR is average reapplication rate for the license exam from '94 '98, 1.028 was used SR is average success rate for the license exam from '94 '98 0.925 was used L(n)=D(n)+E(n)+R(n) D ( n) is number of estimated deaths at year n E(n) is number of estimated emigrants at year n R(n) is number of estimated retirees at year n multiplied by the total number of population projections from the National Statistical Office (1996) . The coverage ratio was assumed constant. Nurse productivity can be defined as the number of patients attended by a nurse per day. It is desirable to limit the maximum number of patients attended by a nurse per day because an overload of work affects the quality of care provided. According to a survey done by Chang (1991a) , only 16 percent of surveyed health care institutions met the standard prescribed by medical law. A recent study estimated the time needed for different classes of patients (Chang, 1991b; Park, Joe, Park, & Han, 1995) .
For this study, three different indices of nurse productivity: (a) current productivity from the patients' survey by MOHW (1994): 5.0 for inpatients or 60 for ambulatory patients; (b) productivity prescribed by medical law: 2.5 for inpatients or 30 for ambulatory patients; and (c) optimal productivity based on a patient classification system: 1.5 for inpatients and 40 for ambulatory patients were used to project the demand for nurses. The underlying assumption for the number of nurse working days in a year is 265 days.
The demand for nurses in non-clinical areas was estimated using different criteria. For example, the demand for nurses in the public health sector was computed based upon recommended staffing patterns for health centers and health sub-centers. The demand for school health was computed based on the number of schools expected, excluding schools with less than one class per grade according to the Educational Standard. The nurses needed for occupational health was computed using the number of industrial units expected and the Industrial Security and Health Law. The demand for nursing faculty in educational institutions was computed based on the Educational Standard for Colleges and Universities established by government mandate, with an assumption that the number of student enrollments in 1998 will be maintained to year 2015. The demand for nurses in administration, research, health insurance, social welfare, and military services was estimated using a nonlinear regression model with the square root of the year as an independent variable.
RESULTS
1.Supply Analysis and Projection
Based upon current enrollments, the expected number of newly licensed nurses per year is projected to be 10,533 in the year 2000 and stabilize at 11,301 from Table 3 . For licensed nurses, 331,012 are projected as needed, but only 282,334 nurses are projected to be available when attrition projections are applied.
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Demand analysis and projection
Demand for nurses in clinical areas was analyzed in terms of previous health care services utilization as well as nurse productivity. The projected utilization rates of different medical insurance programs are given in Table  4 . The number of hospital stay for the participants in the Self-employed Insurance Programs was projected to be higher than that of the Government and Private School Employees Insurance Programs. This finding is plausible due to aging of the population covered by the Self-employed Insurance Programs. Beneficiaries of the Industrial Workers, the Government and Private School Employees Programs will become beneficiaries of the Self-employed Medical Insurance Programs once they retire from the industrial sector, government and private school.
The demand for nurses to year 2015 in clinical areas was computed by dividing the projected total amount of health care services utilization by aforementioned three different indices of nurse productivity (See Table 5 ). The projected demand for nurses in non-clinical areas is 25,255 in the year 2015(See Table 5 ).
A summary of the supply and demand projections for nurses up to year 2015 is given in Table 6 . These projections indicate that the relationship between the supply of nurses and the demand for services is determined in large part by nurse productivity. According to nursing workforce supply and population projections, the ratio of the general population to nurses decreases from 372 in 1985 to 187 by 2015, which is very close to the nursing workforce ratio in the advanced countries (WHO, 1995) .
DISCUSSION AND CONCLUSION
According to the present productivity criteria, an oversupply of nurses is projected from 2010. However, the present productivity standard does not allow nurses enough time to provide quality care as pointed out by . Thus, nurses become dissatisfied with work and leave nursing (Kim, 1994) . This increased turnover rate lowers the quality of nursing care again. According to Mills and Blaesing (2000) problem of work-related dissatisfaction in nursing when there is a shortage of nurses is found in many countries.
According to the optimal productivity criteria, an under-supply of nurses is projected. However, this projection might not be realistic, given limited health resources in Korea. There is no indication that additional money will be spent on nursing so that the nurse/patient ratio improves. Thus, demand projection for quality nursing care targeted at maintaining nurses at the level prescribed in the Medical Law is more useful.
If Korean health institutions observe the productivity criteria of the Medical Law the supply of available nurses will be slightly over the demand. However, if the future demand based on Medical Law is compared to the number of projected active nurses, that is, the number of nurses projected to be employed in the health sector with the employment rate of year 1996 (60%), there will be a shortage of nurses in the future. The nursing shortage can be remedied in three ways: (a) increasing enrollment in education programs, (b) retaining employed nurses, and c) recruiting inactive, unemployed nurses into the workforce. Given the fact that the nursing retention rate was only 60 percent in 1996, retaining employed nurses and recruiting inactive and unemployed nurses back to the workplace is less expensive than increasing enrollment in nursing schools. These results indicate that with retaining employed nurses and effective recruitment of unemployed nurses, the current supply of nurses may be adequate to meet future demands.
According to a survey done in 1997 by the Korean Clinical Nurses Association, factors that cause nurses to leave nursing are: family circumstances, child bearing, and child care. Many European countries and the US have nursing shortage problem too, but reasons for the shortage are low pay, a heavy workload, and shift work, which is slightly different from Korea (William, 1999; Mills and Blaesing, 2000) . In order to retain and recruit nurses efforts should be made to accommodate these situations by arranging child care, flexible working time or part time work schedules, and special hours to accommodate family requirements. Improved benefits, including salaries and educational grants, are also essential.
The findings of this study are limited by the number of assumptions that we used for our projections, for example, stable enrollments, retirement age and stable age structure. Utilization of a nursing personnel mix could also affect the projections of this study. In Korea small hospitals and clinics tend to hire nurses' aides rather than registered nurses to save money. However, questions about quality of care arise. Analyses are needed to determine whether one registered nurse or several nurse aides are more effective and provide greater utility. Additional cost analysis based on the nursing personnel mix is also needed.
In summary, this research was conducted to project the supply of and demand for nurses in Korea. The findings provide suggestions for analyzing nursing personnel management and planning for the future of health care in the Republic of Korea. This study will provide health care planners and public and private decision-makers with information about the present number of nurses and the needs in the future. Furthermore, this approach will provide the policy makers in the Ministries of Health and Welfare, and Education with information that must be considered in determining the number of students to be admitted to nursing programs.
